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HistopathologyAbstract Salicornia ramosissima J. Woods is a salt tolerant plant currently used in the human diet,
whose genus not only displays great potential as a crop plant in deserts and highly saline soils, but
also has value in traditional medicine and exhibits promising biological activities. The present study
was designed to evaluate the effect of S. ramosissima ethanolic extract on carbon tetrachloride
(CCl4)-induced testicular damage in a mouse model and identify secondary metabolites present
in the tested extract. The histopathological analysis showed that the treatment with the ethanolic
extract prior to CCl4 administration prevented significantly the architectural disorder of seminifer-
ous epithelium and germ cell exfoliation. The phytochemical study allowed the identification of
known phenolic and aliphatic compounds [ethyl linolenoate (1), sitostanol (2), octadecyl (3) and
eicosanyl (4) (E)-ferulates, ethyl (E)-2-hydroxycinnamate (5), scopoletin (6), a triacylglycerol of
tetracosanoic acid (7)], and three new compounds: saliramoester, a long chain triester (8), sali-
ramophenone, a propiophenone derivative (9) and saliramopyrrole a pyrrole-3-carbaldehyde
derivative (10). Their chemical structures were elucidated using detailed spectroscopic studies (1D351 234
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Please cite this article in press as: Ferreira, D
Journal of Chemistry (2016), http://dx.doi.oand 2D NMR and MS). These results enhance the value of S. ramosissima as an excellent source of
structurally interesting phytochemicals and as protective agent against testicular toxicity.
 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Salicornia species (Chenopodiaceae), are distributed from Europe and
the North African coast to the near East, Caucasus and central Asia
(Davy et al., 2001) and has been recognized as one of the most promis-
ing crops once these plants could be advantageously used as alternative
feeds to replace common feedstuffs (Isca et al., 2014a; Nedjimi and
Beladel, 2016). For example, S. bigelovii Torr., have achieved a special
importance in arid and semi-arid regions such as the Arabian Penin-
sula, where this wild plant is being cultivated, using seawater for irri-
gation, as an alternative source of vegetables, oilseed and animal
fodder (Al-Owaimer, 2001; Lu et al., 2010). This ecologically sustained
system not only spares freshwater resources, but will ultimately boost
other industries (Shahid et al., 2013). Besides this agricultural and eco-
nomical relevance, some Salicornia species have various applications in
traditional medicine, such as treatment of obesity, nephropathy and
cancer, and have been experimentally demonstrated to exhibit several
biological activities (Isca et al., 2014a).
Salicornia ramosissima J. Woods is an edible halophytic plant,
broadly distributed in salt marshes and salt pans that has undergone
some phytochemical characterization, revealing the presence of a
new natural framework derived from a t-butylphenol unit (Isca
et al., 2015), some flavonoids (Surget et al., 2015) and aliphatic com-
pounds (Isca et al., 2014b), which were identified by HPLC-MS and
GC–MS techniques, respectively. S. ramosissima extracts have also
been reported to display antioxidant and photoprotective activity
against UV radiation (Surget et al., 2015). This antioxidant activity
aroused the interest in evaluating the potential effect of ethanolic
extract against testicular toxicity since reactive oxygen species
(ROS)-induced damage is one of the main reasons behind male repro-
ductive dysfunction (Aitken and Roman, 2008). Stress agents such as
alcohol, cigarette smoking or exposure to environmental toxicants
potentiate testicular and spermatic impairment through initiation or
propagation of oxidative chain reactions, causing damage to lipids
and other biomolecules from cellular membranes (Aitken and
Roman, 2008; Bonde, 2010). Thus it is crucial to identify natural
antioxidant agents that can enhance testicular defensive strategies to
avoid or minimize the consequences of ROS damage. Accordingly,
the purpose of the study was to test the bioactivity in vivo of
S. ramosissima ethanolic extract (SREE) on CCl4-induced testicular
toxicity, followed by the identification of the main secondary metabo-
lites in the tested extract by phytochemical analysis.
2. Material and methods
2.1. General experimental procedures
NMR spectra {1H, 13C, HSQC, HMBC [71 ms (7 Hz)], COSY}
were measured in CDCl3, on a Bruker Avance 300
(300.13 MHz for 1H and 75.47 MHz for 13C) spectrometer or
Bruker Avance 500 with cryoprobe, (500.13 MHz for 1H and
125.76 MHz for 13C) and using TMS as internal standard.
Chemical shifts were reported in d units (ppm) and coupling
constants (J) in Hz. The MS spectra were obtained using
ESI(+) with a Micromass Q-Tof 2TM mass spectrometer
(Manchester, UK). The HRMS-ESI were obtained using a
MicroTof spectrometer with Apollo II with ESI interface,
using a voltage of 4500 V applied to the needle, and a counter. et al., Salicornia ramosissima: Secon
rg/10.1016/j.arabjc.2016.04.012voltage between 100 and 150 V applied to the capillary. Col-
umn chromatography [CC] was performed with silica gel 60
(Aldrich Chemistry, 63–200 lm). Preparative thin layer chro-
matography (prep. TLC) was performed on glass plates
(20  20 cm) precoated with Merck silica gel 60 GF254
(0.5 mm thickness) and activated at 100–110 C for 12 h.
Merck silica gel 60 GF254 plates were used for TLC. Spots were
detected in TLC under UV light (k 254 and 366 nm). Carbon
tetrachloride (CAS Number 56-23-5, 99.9% purity) was pur-
chased from Sigma Aldrich. All other chemicals and solvents
were purchased from Panreac and Acros Organics and were
of analytical grade or bi-distilled commercial solvents.
GC–MS analysis of triacylglycerol was performed using a
Trace gas chromatograph (2000 series) equipped with a
Thermo Scientific DSQ II mass spectrometer (Waltham,
MA). Separation of the TMS-derivatives resulting from the
alkaline hydrolysis of triacylglycerol and silylation of corre-
spondent fatty acid and glycerol, was carried out in a DB-1
J&W capillary column (30 m  0.32 mm inner diameter,
0.25 lm film thickness) using helium as the carrier gas
(35 cm s1). The chromatographic conditions were as follows:
initial temperature, 80 C for 5 min; temperature rate,
4 C min1 up to 285 C, which was maintained for 10 min.;
injector temperature, 250 C; transfer-line temperature,
290 C; split ratio, 1:50. The mass spectrometer was operated
in the electron impact (EI) mode with energy of 70 eV, and
data were collected at a rate of 1 scan s1 over a range of
m/z 33–750. The ion source was kept at 250 C. Chromato-
graphic peaks were identified by comparing their mass spectra
with the equipment mass spectral library (NIST05 MS Library
Database).
2.2. Plant collection and extract preparation
Fresh specimens of S. ramosissima J. Woods were collected in
the vegetative state, from June to October 2011 at Troncalhada
salt pan, Ria de Aveiro (40 380 43.3800 N, 8 390 44.5900 W). A
voucher specimen was identified by Helena Silva and deposited
in the Herbarium of the Department of Biology, University of
Aveiro, Portugal (AVE), under the reference ‘‘AVE 6606”.
After rinsed with distilled water, samples were stored at
20 C until further use.
The fresh aerial parts (1.2 kg) of S. ramosissima were
chopped into small pieces and extracted with ethanol pro-
analysis grade (EtOH, 5 L, three times) at room temperature
for 24 h using an overhead stirrer. The mixture was filtered
and the ethanol was removed using a rotary vacuum evapora-
tor at 50 C. The resulting extract was then freeze-dried, yield-
ing 34.7 g of ethanolic extract (SREE).
2.3. Animals and experimental design
All animal experiments were conducted in compliance with
national guidelines and the European Directive (2010/63/EU)dary metabolites and protective eﬀect against acute testicular toxicity. Arabian
Secondary metabolites and protective effect 3on the care and use of laboratory animals. Five-week-old male
CD-1 mice, supplied by Harlan laboratories (Barcelona,
Spain) and weighing 34.61 ± 4.49 g, were housed in polycar-
bonate cages placed in an acclimatized chamber suitable for
small rodents under standard conditions: constant temperature
of 22 ± 2 C, relative humidity of 40–60% and 12 h light/
darkness cycle. Mice were fed with regular rodent chow
(A04, SAFE diets, France) and water ad libitum, and allowed
to acclimate for a week before the experimental study. Animals
were randomly divided into four experimental groups of four
mice each, as follows: Control mice (water ad libitum); SREE
(received orally 50 mg kg1 b.w./day of SREE for 22 days);
CCl4 [a single subcutaneous injection (250 lL) from the mix-
ture of CCl4 (0.2 mL kg
1 b.w.) in olive oil on the 22th day];
SREE+CCl4 (received orally 50 mg kg
1 b.w./day of SREE
for 22 days before the CCl4 administration as described
above). The experiment lasted 23 days and the assigned doses
of CCl4 and SREE were based on the previous studies of Irie
et al. (2010) and Rathod et al. (2011), respectively.
2.3.1. Body weight and gonad measurements
The animals were euthanized 24 h after the last assigned treat-
ment (at the 23rd day). Terminal body weights were recorded at
scheduled necropsies. The testes were quickly excised, washed
with phosphate buffer saline and weighed. Testicular volume
was obtained by dividing the testes weight by the specific grav-
ity of 1.04 g cm3 (Hess et al., 1993). To assess the percentage
of body mass allocated to the testes, the gonadosomatic index
(GSI) was calculated dividing the paired testes weight by ter-
minal body weight (Leal et al., 2009).
2.3.2. Histological preparation and semi-quantitative analysis
The left testis from each animal was used for histopathological
studies. Tissues were immersed in Bouin’s fixative and, 6 h
later, sliced longitudinally and kept again in a fresh solution
of the fixative for 24 h. Dehydration in graded ethanol series
and embedding in paraffin wax were performed. Sections
(5 lm thick) were stained with haematoxylin and eosin and
examined for cell abnormalities under a light microscope
(Olympus BX41TF, Tokyo, Japan). Approximately 400 semi-
niferous tubule profiles per group were examined and
histopathological alterations were graded according to a previ-
ously described semi-quantitative score (Lanning et al., 2002).
Current standardized nomenclature for testicular lesions was
followed as described in the literature (Creasy et al., 2012).
2.3.3. Histomorphometric measurements of seminiferous tubules
Images from random histological fields (100) of tubular
cross-sections were captured through a coupled digital camera
(Olympus Camedia C-5060, Tokyo, Japan). To assess tubular
diameter and area, an average of 45 round or nearly round
tubule profiles per mouse were measured using image analysis
software (Image Pro Plus, v6.0). The mean tubule diameter
was calculated by taking the average of two perpendicular
diameters. Cross-sectional area (Ac) of the seminiferous
tubules was determined using the equation Ac = pD2/4, where
p is equivalent to 3.142 and D the mean diameter of the sem-
iniferous tubules (Saalu et al., 2010).
The estimation of the volumetric proportion of testicular
components (seminiferous tubule, epithelium, and lumen)
was adapted from Lameiras et al. (2014). Briefly, usingPlease cite this article in press as: Ferreira, D. et al., Salicornia ramosissima: Second
Journal of Chemistry (2016), http://dx.doi.org/10.1016/j.arabjc.2016.04.012computer-assisted morphometry [stereology module; IMOD
software v.4.5.7, (Kremer et al., 1996)], volume density was
evaluated by a point counting system, superimposing a square
lattice with 1036 test points onto the images. The sum of the
points falling on each testicular component was divided by
the total number of points touching the whole cross-
sectioned tissue. The final volume of each testicular component
was determined as the product of the volume density and testis
volume.
The total length of the seminiferous tubule (L) was calcu-
lated through the equation L = Vst/pr2, where Vst is the sem-
iniferous tubule volume and r the seminiferous tubule radius,
while the surface area (S) was obtained from the formula
S = 2prL (Wing and Christensen, 1982).
The effects of histological processing were corrected by the
application of a correction factor in all measurements (Gaytan
et al., 1986).
2.3.4. Statistical analysis
All values are presented as mean ± standard error of mean
(SEM). The results were analysed for normality and computed
statistically (Prism, v6.01, GraphPad Software, Inc.) using
two-way ANOVA with oral treatment (with or without SREE)
and toxic exposure (with or without CCl4) as factor, followed
by Tukey multiple comparisons test. A p-value < 0.05 was
considered significant in all analyses.
2.4. Phytochemical characterization
The ethanolic extract of S. ramosissima (SREE) (33.2 g dry
weight) was suspended in 500 mL of water and successively
partitioned with n-hexane, dichloromethane and ethyl acetate.
The hexane fraction (2.2 g) was subjected to CC using a step
gradient elution of n-hexane:ethyl acetate (100:0–80:20). The
purification of fractions 1, 3 and 5, by prep. TLC [n-hexane:
ethyl acetate, 96:4; chloroform/toluene/methanol, 8:1:0.2 and
8:1:0 respectively] yielded, the pure compounds 1 (ethyl lino-
lenoate, 14.7 mg), 3 (octadecyl (E)-ferulate, 1.5 mg) and 2
(sitostanol, 3.1 mg), respectively.
The dichloromethane fraction (18.1 g) was eluted on CC
with a gradient system [n-hexane:dichloromethane (1:9),
dichloromethane:ethyl acetate (1:0 and 3:7) and ethyl acetate:
ethanol (1:1 and 0:1)] yielding 10 fractions (A – J). Fraction
A (1.39 g) was rechromatographed on CC eluted with n-
hexane:chloroform (from 100:0 to 0:100%]) to afford the pure
compound saliramoester (8) (92 mg) from subfraction A5,
while the ethyl (E)-2-hydroxycinnamate (5) (2 mg) was
obtained from subfraction A14 after prep. TLC purification
[n-hexane:ethyl acetate (85:15)]. Fraction C (1.1 g) was chro-
matographed on CC eluted with n-hexane:ethyl acetate
(100:0–50:50). Subfraction C4 (315 mg) was further purified
by prep. TLC [n-hexane:ethyl acetate (9:1) twice] to give
octadecyl (E)-ferulate (3) (4 mg) and eicosanyl (E)-ferulates
(4) (3 mg), while ethyl (E)-2-hydroxycinnamate (5) (4 mg)
was also isolated from subfraction C5 after purification by
prep. TLC [n-hexane:ethyl acetate (9:1), twice]. Fraction F
(6.4 g) was chromatographed on CC [n-hexane:ethyl acetate,
(100:0–0:100)]. The subfractions F1 and F2 (207 mg) were puri-
fied by prep. TLC [n-hexane:ethyl acetate, (8:2)] to yield a tri-
acylglycerol (7) (112 mg), while F5 (552 mg) was
rechromatographed on prep. TLC (dichloromethane, twice)ary metabolites and protective eﬀect against acute testicular toxicity. Arabian
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ferulates (4) (18 mg). The scopoletin (6) (3 mg) was obtained
from the fraction G after being rechromatographed on CC
[dichloromethane:ethyl acetate, (100:0–70:30)], followed by
prep. TLC [n-hexane:ethyl acetate (1:1)].
The ethyl acetate fraction (0.3 g) was chromatographed on
prep. TLC [n-hexane:ethyl acetate (1:2)] to yield saliramophe-
none (9) (7 mg), and saliramopyrrole (10) (6 mg).
In order to clarify the structure of triacylglycerol (7) the
compound was subjected to GC–MS analysis after alkaline
hydrolysis and silylation according to published methodology
(Isca et al., 2014b). Briefly, about 20 mg of the compound 7
was dissolved in 10 mL of 1 mol dm3 KOH in 10% aqueous
methanol. The mixture was heated at 100 C, under a nitrogen
atmosphere, for 1 h. The reactional mixture was cooled, acid-
ified with 1 mol dm3 HCl (final pH lower than 3), and
extracted three times with dichloromethane (3  10 mL). After
dichloromethane evaporation, the hydrolysed compounds
were dissolved in 250 lL of pyridine and the hydroxyl groups
silylated by addition of 250 lL of BSTFA, 50 lL of TMSCl,
and heating the mixture at 70 C for 30 min.. Thereafter, the
reactional mixture was injected into the GC–MS apparatus.
2.5. Spectroscopic data for compounds 1–10
2.5.1. Ethyl linolenoate (1)
1H NMR (300.13 MHz, CDCl3): d 0.98 (3H, t, J 7.5 Hz, H-18),
1.25 (3H, t, J 7.2 Hz, H-20), 1.31 (8H, m, H-4, H-5, H-6, H-7),
1.60 (2H, m, H-3), 2.04 (2H, m, H-8), 2.06 (2H, m, H-17), 2.29
(2H, t, J 7.6 Hz, H-2), 2.81 (4H, m, H-11, H-14), 4.12 (2H, q, J
7.2 Hz, H-10), 5.35 (6H, m, H-9, H-10, H-12, H-13, H-15,
H-16); 13C NMR (75.47 MHz, CDCl3): d 14.2 (C-20), 14.3
(C-18), 20.5 (C-17), 24.9 (C-3), 25.5–25.6 (C-11, C-14), 27.2
(C-8), 29.1–29.7 (C-4, C-5, C-6, C-7), 34.4 (C-2), 60.2 (C-10),
127.1 (C-10), 127.7 (C-15), 128.2 (C-12, C-13), 130.3 (C-9),
131.9 (C-16), 173.9 (C-1). ESI(+)-MS m/z: 307 [M+H]+,
329 [M+Na]+.
2.5.2. Sitostanol (2)
1H NMR (300.13 MHz, CDCl3): d 0.64 (3H, s, H-18), 0.80
(3H, s, H-19), 0.81 (3H, d, J 6.1 Hz, H-26), 0.83 (3H, d, J
6.2 Hz, H-27), 0.84 (3H, t, J 6.9 Hz, H-29), 0.90 (3H, d, J
6.4 Hz, H-21), 0.89–0.91 (1H, m, H-24), 0.96–1.03 (3H, m,
H-1, H-15, H-11), 1.04–1.19 (6H, m, H-5, H-12, H-14, H-17,
H-23), 1.21–1.35 (7H, m, H-4, H-6, H-8, H-20, H-28), 1.45–
1.57 (2H, m, H-4, H-11), 1.63–1.73 (5H, m, H-1, H-7, H-15,
H-25), 1.78–1.92 (2H, m, H-2), 1.94–1.98 (1H, m, H-12),
3.59 (1H, m, H-3); 13C NMR (75.47 MHz, CDCl3): d 11.9
(C-29), 12.0 (C-18), 12.3 (C-19), 18.7 (C-21), 19.0 (C-26),
19.8 (C-27), 21.2 (C-11), 23.0 (C-28), 24.2 (C-15), 26.0
(C-23), 28.3 (C-16), 28.7 (C-6), 29.0 (C-25), 31.5 (C-2),
32.1 (C-7), 33.9 (C-22), 35.4 (C-10), 35.5 (C-8), 36.1 (C-20),
37.0 (C-1), 38.2 (C-4), 40.0 (C-12), 42.5 (C-13), 44.8 (C-5),
45.8 (C-24), 54.3 (C-9), 56.1 (C-17), 56.4 (C-14), 71.4 (C-3).
ESI(+)-MS m/z: 399 [M-H2O+H]
+.
2.5.3. Octadecyl (E)-ferulate (3)
1H NMR (300.13 MHz, CDCl3): d 0.87 (3H, t, J 6.8 Hz,
H-180), 1.25–1.68 (32H, m, H-20 to H-170), 3.93 (3H, s,
3-OCH3), 4.19 (2H, t, J 6.7 Hz, H-1
0), 5.85 (1H, s, 4-OH),Please cite this article in press as: Ferreira, D. et al., Salicornia ramosissima: Secon
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7.04 (1H, d, J 1.8 Hz, H-2), 7.07 (1H, dd, J 1.8, 8.1 Hz,
H-6), 7.61 (1H, d, J 15.9 Hz, H-b); 13C NMR (75.47 MHz,
CDCl3): d 14.1 (C-180), 22.7 (C-170), 26.0 (C-30), 28.7 (C-20),
29.3–29.7 (C-40 to C-150), 31.9 (C-160), 55.9 (3-OCH3), 64.6
(C-10), 109.2 (C-2), 114.6 (C-5), 115.6 (C-a), 123.0 (C-6),
127.0 (C-1), 144.6 (C-b), 146.7 (C-3), 147.8 (C-4), 167.4
(C-9). ESI(+)-MS m/z: 447 [M+H]+, 469 [M+Na]+, 915
[2M+Na]+.
2.5.4. Eicosanyl (E)-ferulate (4)
NMR data identical to the octadecyl (E)-ferulate. ESI(+)-MS
m/z: 475 [M+H]+, 497 [M+Na]+, 971 [2M+Na]+.
2.5.5. Ethyl (E)-2-hydroxycinnamate (5)
1H NMR (500.13 MHz, CDCl3): d 1.35 (3H, t, J 7.1 Hz, H-20),
4.28 (2H, q, J 7.1 Hz, H-10), 6.43 (1H, d, J 16.0 Hz, H-a), 7.29
(1H, m, H-5), 7.31 (1H, m, H-4), 7.42 (1H, dd, J 1.6; 7.8 Hz,
H-3), 7.62 (1H, dd, J 2.0; 7.5 Hz, H-6), 8.09 (1H, d, J
16.0 Hz, H-b); 13C NMR (125.76 MHz, CDCl3): d 14.3
(C-20), 60.7 (C-10), 120.9 (C-a), 127.1 (C-5), 127.6 (C-6),
130.2 (C-3), 131.0 (C-4), 132.8 (C-1), 134.9 (C-2), 140.4
(C-b), 166.5 [C(O)O]. ESI-MS m/z: 215 [M+Na]+.
2.5.6. Scopoletin (6)
1H NMR (500.13 MHz, CDCl3): d 3.96 (3H, s, 6-OCH3), 6.27
(1H, d, J 9.5 Hz, H-3), 6.85 (1H, s, H-5), 6.92 (1H, s, H-8), 7.60
(1H, d, J 9.5 Hz, H-4); 13C NMR (125.76 MHz, CDCl3): d 56.4
(6-OCH3), 103.2 (C-8), 107.4 (C-5), 111.5 (C-4a), 113.4 (C-3),
143.3 (C-4), 144.0 (C-6), 149.6 (C-7), 150.2 (C-8a), 161.4
(C-2). ESI-MS m/z: 193 [M+H]+, 215 [M+Na]+.
2.5.7. Triacylglycerol of tetracosanoic acid (7)
1H NMR (300.13 MHz, CDCl3): d 0.88 (9H, t, J 7.0 Hz, H-240,
H-2400, H-24000), 1.25 (120 H, m, H-40 to H-230, H-400 to H-2300,
H-4000 to H-23000), 1.63 (6H, m, H-30, H-300, H-3000), 2.29 (6H, t, J
7.6 Hz, H-20, H-200,H- 2000), 4.15 (2H, dd, J 5.9; 11.8 Hz, H-1b,
H-3b), 4.31 (2H, dd, J 3.8; 11.8 Hz, H-1a, H-3a), 5.26 (1H, m,
H-2); 13C NMR (75.47 MHz, CDCl3): d 14.1 (C-240, C-2400,
C-24000), 22.7 (C-230, C-2300, C-23000), 24.7 (C-30, C-300, C-3000),
29.0–29.6 (C-40 to C-210, C-400 to C-2100, C-4000 to C-21000), 31.9
(C-220, C-2200, C-22000), 34.0 (C-20, C-200, C-2000), 62.1 (C-1,
C-3), 68.9 (C-2), 172.9 (C-100), 173.3 (C-10, C-1000).
After alkaline hydrolysis of compound 7, the residue was
extracted and silylated followed by GC–MS analysis. The
obtained chromatogram shows two peaks whose mass spectra
corresponding to the silylated derivatives of glycerol: m/z 293
[M-15]+ (5), 218 [M-90]+ (15), 205 (38); 147 (75); 73 (100);
and tetracosanoic acid: m/z 440 [M]+ (7), 425 [M-15]+ (17),
132 [(CH3)3–Si–OC(OH)CH2]
+ (58), 117 [(CH3)2–Si–OC
(OH)CH2]
+ (95), 73 (100).
2.5.8. (E)-6-{[4-methyl-6-((4-methylpentanoyl)oxy)hex-4-
enoyl]oxy}heptyl 6-methylheptanoate (Saliramoester) (8)
1H NMR (500.13 MHz, CDCl3): d 0.84 (3H, d, J 6.6 Hz, H-
110), 0.85 (3H, d, J 6.6 Hz, H-120), 0.86 (3H, d, J 6.6 Hz, H-
900), 1.19 (3H, d, J 6.2 Hz, H-8000), 1.25 (2H, m, H-5000), 1.36
(1H, m, H-800), 1.40 (2H, m, H-700), 1.52 (2H, m, H-2000), 1.52
(3H, m, H-1000), 1.59 (2H, m, H-6000), 1.69 (3H, s, H-8), 2.00dary metabolites and protective eﬀect against acute testicular toxicity. Arabian
Figure 1 Effects of S. ramosissima ethanolic extract (SREE) on
histopathological lesions in CCl4-induced acute testicular injury.
Frequency of affected tubules is expressed as mean ± SEM.
Significantly different (p< 0.05) when compared to: a = control
group; b = SREE treated group; c = CCl4 treated group. Lesions
were rated as 1: minimal, 2: slight, 3: moderate, 4: marked and 5:
severe (Lanning et al., 2002).
Secondary metabolites and protective effect 5(2H, m, H-4), 2.25 (2H, m, H-2), 2.29 (2H, m, H-200), 4.05 (2H,
t, J 6.8 Hz, H-7000), 4.59 (2H, d, J 7.1 Hz, H-7), 4.89 (1H, m,
H-1000), 5.33 (1H, m, H-6); 13C NMR (125.76 MHz, CDCl3):
d 16.4 (C-8), 19.7 (C-110, C-120), 20.0 (C-8000), 22.6 (C-900),
25.9 (C-5000), 28.0 (C-1000), 28.6 (C-6000), 32.7 (C-800), 32.8
(C-100), 34.4 (C-200), 34.8 (C-2), 36.0 (C-2000), 37.4 (C-90), 39.4
(C-700), 39.8 (C-4), 61.2 (C-7), 64.4 (C-7000), 70.7 (C-1000), 118.1
(C-6), 142.6 (C-5), 173.6 (C-1), 174.0 (C-10, C-100). MALDI
TOF MS (+) m/z: 622 [M]+. ESI-MS (+) m/z: 341
[C20H36O4+H]







1H NMR (500.13 MHz, CDCl3): d 3.17 (4H, t, J 5.2 Hz, H-2,
H-20), 4.02 (4H, t, J 5.2 Hz, H-3, H-30), 6.89 (4H, d, J 8.5 Hz,
H-300, H-500, H-3000, H-5000), 7.90 (4H, d, J 8.5 Hz, H-200, H-600,
H-2000, H-6000); 13C NMR (125.76 MHz, CDCl3): d 39.0 (C-2,
C-20), 58.0 (C-3, C-30), 115.5 (C-300, C-500, C-3000, C-5000), 129.6
(C-100, C-1000), 130.7 (C-200, C-600, C-2000, C-66000), 160.5 (C-400,




1H NMR (500.13 MHz, CDCl3): d 4.73 (2H, s, 1-CH2OH),
6.53 (1H, d, J 3.5 Hz, H-2), 7.22 (1H, d, J 3.5 Hz, H-4), 9.61
(1H, s, 3-CHO); 13C NMR (125.76 MHz, CDCl3): d 57.8
(1-CH2OH), 110.0 (C-2), 122.7 (C-4), 152.5 (C-3), 160.3
(C-5), 177.6 (1-CHO). ESI-MS m/z: 141 [M]+.
3. Results and discussion
3.1. Mice behaviour and biometrical parameters
The toxicity model of carbon tetrachloride (CCl4) is widely
used to assess the beneficial effects of plant extracts against
xenobiotic-induced oxidative stress, which has been recently
investigated in the male reproductive system (Khan, 2012;
Yu¨ce et al., 2014).
No significant changes in behaviour and physical appear-
ance from control and SREE groups were observed. In con-
trast, all mice exposed to CCl4 (CCl4 and SREE+CCl4
groups) presented, 12–24 h after the CCl4 dose, lusterless fur
and piloerection, less activity and weak response to handling.Table 1 Evaluation of body and organ measurements from the stu
Groups
Control SRE
Body weight (g) 38.33 ± 1.11 36.3
Paired testes weight (mg) 203.23 ± 13.04 263.6
– Right testis (mg) 103.23 ± 4.89 144.8
– Left testis (mg) 100.00 ± 8.20 118.8
Testes volume (mm3) 195.41 ± 12.54 253.5
GSI (%) 0.529 ± 0.023 0.72
Data are presented as mean ± SEM. GSI = gonadosomatic index. With
two-way ANOVA considering p< 0.05.
Please cite this article in press as: Ferreira, D. et al., Salicornia ramosissima: Second
Journal of Chemistry (2016), http://dx.doi.org/10.1016/j.arabjc.2016.04.012The results of the gonadal biometric measurements (Table 1)
showed that, statistically, no significant effect (p> 0.05) were
observed on testicular weight, volume and gonadosomatic
index among groups treated either with CCl4 or SREE.
Although CCl4 intoxication is able to impair testosterone
levels (Khan, 2012), apparently on a macroscopic analysis, it
was not sufficient to affect testicular growth in our experimen-
tal conditions.
3.2. Histology and morphometry
The results of the histopathological examination of the testis
(Fig. 1) revealed that in the control and SREE groups the per-
centage of tubules affected was low (lesion score minimal or
slight) and not statistically significant, as also shown in histo-
logical sections (Fig. 2-A and -B, respectively). The lesion score
in CCl4 group increased significantly to the marked level when
compared with control and SREE groups (Fig. 1), since tubu-
lar degeneration, such as architectural disorder of seminiferous
epithelium with germ cell dissociation and sloughing into the
lumen, was evident (Fig. 2-C). These findings are in agreement
with previous acute studies in the rat (Khan, 2012). The degree
of the described lesions was significantly reduced (p< 0.05) in
SREE+CCl4 group when compared with CCl4 group
(Figs. 1 and 2-D), where SREE pre-treatment prevented
approximately 45% and 21% of the CCl4-induced epitheliumdied groups.
E CCl4 SREE+CCl4
0 ± 1.26 37.40 ± 1.08 38.00 ± 1.44
8 ± 30.09 243.00 ± 12.13 237.37 ± 24.89
5 ± 24.00 126.90 ± 6.05 122.40 ± 12.43
3 ± 9.83 116.10 ± 6.28 114.97 ± 12.46
3 ± 28.93 233.65 ± 11.67 228.24 ± 23.93
7 ± 0.108 0.649 ± 0.015 0.622 ± 0.047
in same line, no significant effects were identified among groups, by
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Figure 2 Testicular sections (400) of mice treated with SREE and CCl4. Control (A) and SREE (B) groups with normal histology.
SE = seminiferous epithelium, I = interstitial space, L = lumen. CCl4-treated mice (C) presented epithelium disruption (asterisk) and
germ cell exfoliation (arrow). These findings were less noted in SREE+CCl4 group (D). Bar = 50 lm.
Table 2 Comparison of testicular morphometric parameters among groups.
Tubular measurements Groups
Control SREE CCl4 SREE+CCl4
Diameter (lm) 150.44 ± 4.49 152.06 ± 6.24 138.49 ± 3.50 160.06 ± 8.24
Cross-sectional area (103 lm2) 17.82 ± 1.08 18.25 ± 1.52 15.09 ± 0.78 20.23 ± 2.09
Surface area (cm2) 20.13 ± 1.00 21.40 ± 1.15 24.16 ± 1.91 21.57 ± 2.57
Volume of /testis (mm3)
– Seminiferous tubule 75.62 ± 3.79 81.60 ± 6.58 83.31 ± 5.51 86.01 ± 9.94
– Epithelium 64.01 ± 2.78 71.36 ± 5.55 72.28 ± 4.61 73.88 ± 8.53
– Lumen 11.61 ± 1.27 10.25 ± 1.27 11.03 ± 1.73 12.13 ± 1.48
Length/testis (m) 4.28 ± 0.28 4.49 ± 0.23 5.59 ± 0.53 4.32 ± 0.59
Data are presented as mean ± SEM. Within same line, no significant effects were identified among groups, by two-way ANOVA considering
p< 0.05.
6 D. Ferreira et al.disruption and germ cell exfoliation, respectively. Concerning
the morphometric analysis (Table 2), we concluded that testic-
ular histomorphology is not affected by SREE oral treatment
or toxic exposure to CCl4 since no statistical significant effect
(p> 0.05) was observed in the volume, diameter, area and
length of seminiferous tubules from SREE or CCl4-treated ani-
mals, when comparing all the groups. In this regard, the pro-
tective action of SREE could only be evidenced at the
histopathological level.
3.3. Structural characterization of secondary metabolites
isolated from SREE
In order to identify the secondary metabolites potentially
responsible for the near to normal histology observed inPlease cite this article in press as: Ferreira, D. et al., Salicornia ramosissima: Secon
Journal of Chemistry (2016), http://dx.doi.org/10.1016/j.arabjc.2016.04.012SREE-treated groups, the SREE was fractionated and each
fraction was purified by preparative chromatographic tech-
niques according to the experimental section, affording ten
compounds (Fig. 3).
Compounds 1–7 proposed structures were identified by
exhaustive analysis of their 1D and 2D NMR spectra (1H,
13C, DEPT, COSY, NOESY, HSQC e HMBC) and MS data
(see spectroscopic data in Material and Methods section) as
well as comparing with literature data.
Compound 1 was identified as ethyl linolenoate (x3 PUFA)
mainly based on: (a) the 13C NMR signal at dC 173.9 ppm and
at dC 127.1–131.9 ppm characteristic, respectively, of the car-
bon on the ester group and double bonds; (b) the 1H NMR sig-
nals at dH 1.25 (t, J 7.2 Hz) and dH 4.12 ppm (q, J 7.2 Hz)


















































Figure 3 Chemical structures of compounds 1-10 isolated from S. ramosissima aerial parts.
Secondary metabolites and protective effect 7electronegative atom like oxygen; (c) the ESI-MS signal at m/z
307 corresponding to the [M+H]+ ion, showing a C-18 fatty
acid. The structure of compound 1 was unequivocally
confirmed by the analysis of 2D NMR spectra (COSY, HSQC
and HMBC). The ethyl group cannot be an artefact since the
SREE was obtained at room temperature. On the other hand,
both ethyl and methyl ester forms were reported to occur in the
nature (Herrera-Valencia et al., 2012; Huh et al., 2010).
Linolenic acid is widely distributed in nature and was
previously identified on Salicornia sp. (Lu et al., 2010; Isca
et al., 2014b); however, its ethyl derivative was here for the first
time identified in Salicornia species.
In the 13C NMR spectrum of compound 2, all the signals
(with one exception) appear below 56.4 ppm, highlighting its
strong aliphatic character. The exception is the signal at dC
71.4 ppm suggesting the presence of one CHOH group. The
DEPT NMR spectrum allowed inferring the existence of six
CH3, twelve CH2, nine CH groups and two quaternary car-
bons. The signal in the MS spectrum at m/z 399, corresponds
to the [M-18+H]+ ion, suggesting a compound with the
molecular formula C29H52O. These data and the analysis of
the 2D NMR spectra allowed the confirmation that compound
2 is sitostanol also known as stigmastanol. Compound 2 is rec-
ognized for its serum LDL-cholesterol lowering effects
(Ramjiganesh et al., 2001) and was previously identified on
Salicornia species (Isca et al., 2014b; Salt and Adler, 1985).
In the compound 3 a (E)-ferulic nucleus was clearly identi-
fied by: (a) the signals at dH 6.30 and 7.61 ppm (d, J 15.9 Hz)
characteristic of (E)-vinylic system; (b) the signals at dH 6.92
(d, J 8.1 Hz), 7.04 (d, J 1.8 Hz) and at 7.07 ppm (dd, J 1.8,
8.1 Hz) typical of a tri-substituted aromatic ring; (c) signal at
dH 3.93 ppm (s, dC 55.9 ppm) with connectivity with the signal
at dc 146.7 ppm (HMBC spectrum) showing an aromatic meth-
oxy group; (d) signal at dH 5.85 ppm without proton-carbon
correlation on HSQC spectrum, typical of non-label hydroxy
proton. The presence of aliphatic chain esterified with the fer-
ulic acid can be deduced from: (a) 13C NMR signal at dCPlease cite this article in press as: Ferreira, D. et al., Salicornia ramosissima: Second
Journal of Chemistry (2016), http://dx.doi.org/10.1016/j.arabjc.2016.04.012167.4 ppm characteristic of the carbon on an ester group; (b)
the intense methylene signals at dH 1.25–1.68 ppm besides
the triplet at dH 0.87 ppm (J 6.8 Hz) characteristic of aliphatic
methylic protons. The ESI-MS signal at m/z 447 attributed to
[M+H]+ ion suggesting a molecular formula of C28H46O4.
The complete analysis of the 2D NMR spectra confirmed the
structure of compound 3 as octadecyl ferulate.
The 1H and 13C NMR data of compounds 4 and 3 are iden-
tical. However, the ESI-MS spectra of compound 4 showed a
peak at m/z 475 [M+H]+, corresponding to more 28 units
(two CH2) than compound 3. Thus, compound 4 was identified
as eicosanyl (E)-ferulate. Although compounds 3 and 4 were
previously found in nature (Serra et al., 2010; Kosma et al.,
2012), they are described here for the first time in Salicornia
genus, even if other alkyl ferulate and its antioxidant activity
were recently reported in Salicornia herbacea (Wang et al.,
2013).
Compound 5 was obtained as a yellow oil and the combina-
tion of 1H and 13C NMR data showed the presence of an ethyl
group esterified with an ortho-substituted cinnamic acid: (a)
the presence of CO2Et group was deduce as described above
to compound 1; (b) an ortho-substituted aromatic ring deduced
from 1H NMR signals at dH 7.29, 7.31, 7.42 and 7.62 ppm,
exhibiting HSQC correlations with dC 127.1, 131.0, 130.2
and 127.6 ppm, respectively; (c) a trans-vinylic system (dH
6.43 and 8.09 ppm, d, J 16.0 Hz; dC 120.9 and 140.4 ppm);
(d) the peak at m/z 215 on ESI-MS spectrum corresponding
to [M+Na]+ ion and showing a molecular mass of 192 u.m.
a.. These data allowed to identify the compound 5 as ethyl
(E)-2-hydroxycinnamate, a cinnamic acid derivative well-
known for its high anticancer potential (De et al., 2011) and
not previously identified in Salicornia species.
The exhaustive analysis of all spectroscopic data from com-
pound 6 and its comparison with literature data (Siddiqui
et al., 2007; Darmawan et al., 2012) allowed identify it as
scopoletin, a well-known coumarin previously identified in
Salicornia herbacea (Wang et al., 2013) with proved in vitroary metabolites and protective eﬀect against acute testicular toxicity. Arabian
8 D. Ferreira et al.and in vivo biological properties (Gnonlonfin et al., 2012),
including antioxidant activity (Wang et al., 2013). The assign-
ment of all proton and carbon resonances (see Section 2.5) and
their agreement with published data (Siddiqui et al., 2007;
Darmawan et al., 2012) showed that several assignments made
by Wang et al. (2013) must be interchanged (e.g. C-8, C-4,
C-3).
The 1H, 13C and DEPT NMR spectra of compound 7 exhi-
bit the typical signals of the glycerol moiety: (a) signals at dH
4.15 and 4.31 ppm (dd, J 3.8; 11.8 Hz), with proton-carbon
correlation on HSQC spectra, with dC 62.1 ppm assigned to
OCH2 groups; (b) a signal at dH 5.26 (multiplet) coupling with
the previous two proton signals and with proton-carbon corre-
lation on HSQC spectra with dC 68.9 ppm (OCH group). The
presence of saturated fatty acids esterified was deduced from
the spectroscopic evidences: (a) signals at dC 172.9 and
173.3 ppm whose shifts are typical of the carbon of ester
groups; (b) an intense signal at dH 1.25 nearly as singlet, and
a triplet at dH 0.88 ppm assigned to the aliphatic chain. Tetra-
cosanoic acid and glycerol TMS derivatives were identified as
the products of compound 7 hydrolysis (see Section 2.4). All
these data corroborated the identification of compound 7 as
triacylglycerol of the tetracosanoic acid. Several triacylglyc-
erides were identified in seed oil of hybrid species Salicornia
SOS-7 (El-Mallah et al., 1994) but none of them is the triacyl-
glycerol of the tetracosanoic acid.
Additionally, three new compounds were isolated and
structurally characterized: saliramoester, a long chain triester
(8), saliramophenone, a propiophenone derivative (9) and sali-
ramopyrrole a pyrrole-3-carbaldehyde derivative (10).
The 1H, 13C and DEPT NMR spectra of compound 8
showed its strong aliphatic character with the presence of large
number of CH2 groups and several CH3 groups (dH 2.30–
0.84 ppm; dC 39.8–16.4 ppm) with two OCH2 and one OCH
groups (dH 4.89–4.05 ppm; dC 70.7–61.2 ppm), three ester
groups (dC 173.59, 173.95 and 174.03 ppm) and a trisubstituted
vinylic system (dH 5.33 ppm, dC 118.1 and 142.6 ppm) with a
vicinal methyl group [dH 1.69 ppm (3H, s); dC 16.4 ppm] and















































Figure 4 Main HMBC connectivities (?) (a, b, d–g), and NOESY
Please cite this article in press as: Ferreira, D. et al., Salicornia ramosissima: Secon
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firmed by the connectivities showed on Fig 4a and b. The
NOESY correlations (Fig 4c) between methylic protons at
dH 1.69 ppm and the oxymethylenic protons at dH 4.59 ppm,
besides the NOE effect between the vinylic proton and the
methylenic protons at dH 2.00 ppm showed a vinylic system
with (E)-configuration. The signal at dH 4.89 ppm (1H, m)
exhibits on HSQC spectrum correlation with the oxymethynic
carbon at dC 70.7 ppm, COSY coupling with the methylic pro-
tons at dH 1.19 ppm (d, J 6.6 Hz) and connectivity on HMBC
spectrum with the carbonyl carbon on a ester group at dC
173.6 ppm. These data and the connectivities showed on
Fig. 4d, allowed to elucidating other part of structure 8
(Fig. 4). Another portion of the molecule includes the second
oxymethylenic group (dC 64.4 ppm) and the third ester group
(dC 174.03 ppm) bonded to CH2 groups as proved by the con-
nectivities showed on Fig. 4e. Moreover, the signals at dH 0.84
and 0.85 ppm (d, J 6.6 Hz) are correlated with two equivalent
methylic carbons at dC 19.7 ppm, and both exhibit connectiv-
ities with methynic and methylenic carbons at dC 32.8 and
37.4 ppm respectively (Fig. 4f) showing the presence of a termi-
nal i-propyl group. Identical spectroscopic evidences (Fig. 4g)
showed the presence of a second terminal i-propyl group. The
most functionalized structural elements are thus identified, and
these are connected to each other by the chains of CH2 groups,
the length was established by MALDI TOF MS showing the
peak at m/z 622 relative to [M]+ and by MALDI TOF MS/
MS (+) showing the main peaks at m/z 172, 200 and 340




+, respectively, resulting of the fragmentation
pattern point out on Fig. 5. Thus, the molecular formula of
compound 8 was established as C38H70O6. All the described
spectroscopic data allowed to establish the structure of com-
pound 8 as (E)-6-{[4-methyl-6-((4-methylpentanoyl)oxy)hex-4
-enoyl]oxy}heptyl6-methylheptanoate, a long chain triester
which we have named saliramoester.
The 1H NMR spectrum of compound 9 showed two signals
at dH 6.89 and 7.90 ppm (d, J 8.5 Hz) with proportional inte-










































(M) correlations (c) observed for compound saliramoester (8).
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Figure 5 Ions observed in TOF MS MALDI spectrum of saliramoester (8).
Figure 6 Coupling deduced by COSY spectrum (M) and main
HMBC (?) connectivities observed for compound saliramophe-
none (9).
Figure 7 Main HMBC connectivities observed for compound
saliramopyrrole (10).
Secondary metabolites and protective effect 9exhibiting correlations with signals at dC 115.5 and 130.7 ppm,
which are characteristic of protonated carbons on a para-
substituted aromatic ring. The triplets at dH 4.02 and
3.17 ppm coupling each other (J 5.2 Hz) (Fig. 6 double arrow),
exhibit HSQC correlations with the carbons at dC 58.0 and
39.0 ppm, respectively, are assigned to two vicinal CH2 groups.
The 13C NMR spectrum exhibits signals at dC 198.9, 160.5 and
58.0 ppm assigned to ketone carbon, non-protonated aromatic
carbon and a methylenic carbon, being the last two bonded to
electronegative atoms like oxygen. The connectivities shown in
Fig. 6 (single arrow) confirm the relative position of these
structural elements and showing a propiophenone skeleton
which [M+H]+ should be around 189. The absence of other
signals in the 1H NMR spectrum and the peaks at m/z 337
and 353 on ESI-MS spectrum ([M+Na]+ and [M+K]+
respectively) suggests that compound 9 is not a single propio-
phenone moiety but rather two propiophenone skeletons
bonded by an oxygen atom at C-3 or C-40 resulting a com-
pound with symmetry (thus only half of the protons and car-
bons were required to be assigned based on the NMR
analysis). The connectivity between the protons at dH
7.90 ppm and the carbon at dC 160.5 ppm observed on HMBC
spectrum optimized for long range JH/C of 4 Hz, showed that
compound 9 is a propiophenone dimer possessing a 400-O-4000
ether bond identified as 1,10-[oxybis(4,1-phenylene)]bis(3-hydr
oxypropan-1-one, named saliramophenone.
The 1H and 13C NMR data suggest that compound 10 is a
small secondary metabolite. In fact, only four non-equivalent
protons and six carbon NMR signals were observed in the
respective spectra. The proton signal at dH 9.61 ppm as singlet
exhibits HSQC correlation with the carbon signal at dC
177.9 ppm indicating the presence of an aldehyde group, while
the two doublets at dH 7.22 and 6.53 ppm (J 3.5 Hz, 1H each)
exhibit HSQC correlation with the signals at dC 122.7 and
110.0 ppm respectively, suggesting the presence of two tri-
substituted vinylic systems. The most shielded proton appears
at dH 4.73 ppm also as singlet (the integral is proportional to
2H). It exhibits proton-carbon correlation with the signal at
dC 57.8 ppm suggesting the presence of oxymethylenic group.Please cite this article in press as: Ferreira, D. et al., Salicornia ramosissima: Second
Journal of Chemistry (2016), http://dx.doi.org/10.1016/j.arabjc.2016.04.012All these spectroscopic evidences among the connectivities
observed on the HMBC spectra (Fig. 7) allowed to establishing
the relative position of structural elements discussed above and
conclude that the compound 10 is a pyrrole-3-carbaldehyde
derivative. The ESI-MS spectrum showed a peak at m/z 141
corresponding to [M]+ and confirmed the proposed structure
of compound 10 identified as 5-hydroxy-1-(hydroxymethyl)-
1H-pyrrole-3-carbaldehyde named saliramopyrrole.
To our best knowledge, the compounds 8–10 are here
reported for the first time in nature.
The structural diversity observed on the isolated com-
pounds 1–10 in addition to the completely new skeleton
described to the saliramophenol (Isca et al., 2015) suggests that
S. ramosissima can be exceptionally prolific in producing struc-
turally diverse secondary metabolites, some of them being
strong candidates responsible for the testicular preservation
observed in the current study. For instance, a-linolenic acid,
the core of compound 1 available in vivo after enzymatic
hydrolysis, is the substrate for the production of docosahex-
aenoic acid, which is important to maintain the spermatogen-
esis function within the testicular environment through
incorporation on germ cell and spermatozoa membranes
(Roqueta-Rivera et al., 2010). Octadecyl (3) and eicosanyl (4)
(E)-ferulates are alkyl ester derivatives of ferulic acid, a pheno-
lic compound with recognized antioxidant properties through
free radical scavenging, including the inhibition of both the
acute and subchronic toxicity of secondary free radicals gener-
ated by CCl4 (Kim et al., 2011; Srinivasan et al., 2005), and
approved in some countries as an additive to prevent oxidation
in foods (Graf, 1992). Alkyl ferulates demonstrated to exert
higher antioxidant activity than the ferulic acid (Anselmi
et al., 2004; Kikuzaki et al., 2002) and can also be enhanced
when combined with different phytochemicals (Wang et al.,
2013).
Although little is known about the effects of several of the
isolated compounds upon the male reproductive system and
further studies will be needed to elucidate such potential, the
antioxidant potential of other isolated compounds is well
known and may contribute to the prevention of ROS-
mediated stress, enhancing the SREE antioxidant effect in vivo.ary metabolites and protective eﬀect against acute testicular toxicity. Arabian
10 D. Ferreira et al.4. Conclusion
The present research provides information about the positive effects of
S. ramosissima on mouse testis under toxicological conditions. Acute
exposure to CCl4 caused an early testicular dysfunction and SREE
was capable of preventing the lesions found by histopathology. The
nature of the SREE extracted compounds suggests that S. ramosissima
has therapeutic value on the male reproductive system, especially due
to the antioxidant action of its constituents, besides other therapeutic
and nutritional effect of certain compounds isolated. Thus this work
supports the plant usage on medicinal purposes, although further stud-
ies are needed to verify the general safety of the extract and phyto-
chemicals. Additionally this work confirms the S. ramosissima as an
exceptional source of very interesting and diverse new scaffolds.
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